We assessed which type of osteotomy would be most suited for correcting an increased fourth to fifth intermetatarsal angle (IMA) and metatarsophalangeal angle (MPA) and would have the best results regarding the clinical condition and satisfaction. The study design was a systematic review and metaanalysis. The main outcome measures were the IMA, MPA, and American Orthopaedic Foot and Ankle Society Lesser Metatarsophalangeal-Interphalangeal scale and satisfaction scores. A systematic search was performed in Medline, Embase, Cochrane, SPORTdiscus, and CINAHL up to September 2016. Prospective and retrospective studies that had evaluated the outcomes of fifth metatarsal osteotomies to correct a bunionette deformity at all patient ages were included. The outcomes were determined from clinical or radiographic evaluations. The search yielded 28 studies suitable for inclusion in our metaanalysis. All groups of osteotomies achieved significant IMA changes, with proximal osteotomies resulting in significantly greater changes than diaphyseal or distal osteotomies. The overall effect of osteotomies on the MPA was of a significant reduction. Proximal and diaphyseal osteotomies both resulted in significant differences in MPA correction compared with distal osteotomies. The incidence of major complications was the least in the distal osteotomy group. The overall mean success rate of bunionette surgery was 93%. The patients were most satisfied with proximal osteotomies, followed by distal and diaphyseal osteotomies (100% and 92%, respectively). In conclusion, every type of osteotomy has the capability of significantly reducing the fourth to fifth IMA and MPA. The fewest complications occurred with distal osteotomies, and the greatest satisfaction score was achieved with proximal osteotomies. However, only 1 study evaluated these results for proximal osteotomies. Distal osteotomies resulted in a high satisfaction rate and were the most represented osteotomy in our meta-analysis. Thus, when major IMA and MPA reduction is not required, the distal osteotomy could be the treatment of choice owing to its low complication rate.
a painful bunionette deformity. Surgical interventions consist of simple lateral condylar excision and metatarsal osteotomies at different sections of the bone (metaphyseal or diaphyseal). Metaphyseal osteotomies can be categorized into those at the proximal and distal level. A proximal osteotomy is suitable for type 3 and 4 deformities because of its ability to correct a severe IMA (6) (7) (8) . Another advantage of a proximal osteotomy is maintenance of metatarsophalangeal joint function and the ability to perform this procedure in pediatric cases because the approach avoids the epiphyseal plates (8, 9) . However, owing to the possibility of intra-and extraosseous vessel interruption at the base of the fifth metatarsal, nonunion and/or delayed union have been more common (10) . Other disadvantages include the technical demands of the procedure, the risk of transfer metatarsalgia due to metatarsal elevation or shortening, and that postoperative management requires non-weightbearing for several weeks (8, 9) . Distal osteotomies are used for type 2 and 3 deformities and have the advantages of usually being technically easier and more stable, contributing to the satisfactory results. Postoperative disability is reduced because weightbearing can be allowed after a distal osteotomy. The disadvantages include the possibility of inadequate correction owing to the small width of the fifth metatarsal head and transfer metatarsalgia resulting from fifth metatarsal shortening or excessive dorsiflexion (8, 9) .
A diaphyseal osteotomy is recommended if more correction is required than would be achieved using a distal osteotomy. Diaphyseal osteotomies have more bone-bone surface and will not disrupt the intra-or extraosseous vessels. Conflicting conclusions have been reported concerning bone union (4, 11) . The disadvantage with this type of osteotomy is that more dissection is required, which can result in longer postoperative convalescence and non-weightbearing for several weeks (8, 9) .
Given the great number of different types of osteotomies for correcting a bunionette deformity, we conducted a meta-analysis to address 2 essential questions. First, which type of osteotomy would be most suitable for correction of an increased fourth to fifth IMA; and second, which type of osteotomy would provide the best results concerning the clinical condition, complications, and patient satisfaction.
Materials and Methods
We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement as a guideline for the present study. The protocol for our systematic review and meta-analysis was registered in the PROSPERO International prospective register of systematic reviews with registration number CRD42016050411.
Eligibility Criteria
Every prospective and retrospective study that had evaluated the outcomes of fifth metatarsal osteotomies to correct a bunionette deformity at all ages was included. The outcomes were determined from clinical or radiographic evaluations. The radiographic evaluation consisted of preoperative and postoperative measurements of the IMA and metatarsophalangeal angle (MPA) on full weightbearing anteroposterior and lateral radiographs. The American Orthopaedic Foot and Ankle Society (AOFAS) Lesser Metatarsophalangeal-Interphalangeal scale was used as an outcome measure to evaluate the clinical condition of the patients preoperatively and postoperatively. Patients' subjective satisfaction was assessed using the Coughlin classification (4) and other satisfaction outcomes on the results of their surgery.
Literature Search and Study Selection
A systematic search was performed in Medline, Embase, Cochrane, SPORTdiscus, and CINAHL in September 2016 to identify all studies of bunionette treatment. The search terms for each database included "tailor's bunion," "tailor's bunions," "tailor bunion," "tailor bunions," "bunionette," and "bunionettes." The search was independently performed by 2 of us (H.M., I.S.). The search strategies are listed in the Appendix.
Full-text reports were included based on the titles, relevance of the abstract using the eligibility criteria, availability in the English language, and follow-up duration of >6 months. We set no restrictions on the publication date or patient age. Finally, we searched manually for additional eligible studies by cross checking the reference lists of all included studies.
Data Extraction
Data were extracted from each included study by 1 of us (H.M.) and crosschecked by another 1 of us (I.S.). Data extraction was performed using data collection forms for each study. The study design (prospective, retrospective), study characteristics (year of conduct, country where the study was conducted, number of patients), patient characteristics (age, sex), treatment characteristics (proximal, diaphyseal, or distal osteotomy and use and type of fixation), treatment outcomes (AOFAS scale score, IMA, MPA, and subjective satisfaction score), follow-up duration, and complications were recorded.
The AOFAS scale scores were only extracted for analysis if both pre-and postoperative results had been reported. To avoid bias resulting from the use of other procedures, the AOFAS scale scores were not included for analysis if additional forefoot surgery, such as hallux valgus or hammertoe correction, had been performed.
The success rate of bunionette surgery was determined using the subjective satisfaction ratings of patients on their surgery results. These ratings were graded as excellent, good, fair, or poor according to classification by Coughlin (4) . Success was defined as good to excellent Coughlin scores. If no Coughlin classification score was reported, patient satisfaction with their results was used. If the Coughlin satisfaction rates had been determined using the AOFAS scale scores, we excluded these studies from the success rate and satisfaction rate analyses.
All complications reported by the individual studies were extracted. Two of us (H.M., P.N.) reviewed the complications and subsequently allocated them into predetermined categories: major and minor complications and wound complications, surgical complications, bone complications, joint complications, revision surgery, symptomatic plantar callosities, and other. Disagreement was resolved by discussion.
Synthesis of Results
The mean difference (MD) and 95% confidence interval (CI) for each study was calculated using the preoperative and postoperative mean, standard deviation, and number of patients. If the standard deviation had not been provided, we used the method by Walter and Yao (12), which estimated the standard deviation if a mean and range were reported. The standard deviation was estimated by dividing the length of the 95% CI by 3.92, multiplied by the square root of the sample size (13) . To allow for pooling and comparing the outcomes of the studies, standardized MDs were calculated as the difference between the preoperative and postoperative mean score divided by the pooled standard deviation of outcome for all patients.
We used RevMan, version 5.3 (Cochrane Reviews, London, UK), to combine the individual study results to perform the meta-analysis. The combined effect size and between-study variance was calculated approximately using the restricted maximum likelihood method. Heterogeneity between the studies in effect measures was assessed using both the χ 2 test and the I 2 statistic. An I 2 value >50% was considered indicative of substantial heterogeneity (14) .
Quality Assessment of Included Studies
To assess the quality of studies we used the methodologic index for nonrandomized studies (MINOR) criteria (15) . The MINOR is an instrument to assess the methodologic quality of nonrandomized studies, comparative and noncomparative. It consists of 8 methodologic items for nonrandomized studies. These individual items receive a score of 0 points if nothing has been reported, 1 point if reported but inadequate, and 2 points if reported and adequate. Therefore, the score for nonrandomized studies can range from 0 to 16. The methodologic quality assessment was performed independently by 2 of us (H.M., I.S.). Disagreement was resolved by discussion.
Results

Search Results
The search of Medline, Embase, Cochrane, Sportdiscus, and Cinahl yielded 307 records. Of these records, 158 remained after removing the duplicates. After screening the titles for relevance, 87 records were excluded because they did not meet our criteria. The abstracts of the remaining 71 records were screened for potential relevance and 31 were excluded because they did not meet the inclusion criteria. The remaining 40 full text records were screened for eligibility, resulting in 28 studies eligible for inclusion in our meta-analysis ( Fig. 1 ) (11, .
Study Characteristics
Of the 28 included studies, 21 (75%) were retrospective and 7 (25%) were prospective. The study and treatment characteristics are summarized in Table 1 . The total number of feet receiving surgical intervention was 733, ranging from 10 to 77 feet per study. Of the 28 studies, 16 (57%) reviewed distal osteotomies, 10 (36%) reviewed diaphyseal osteotomies, and 2 (7%) reviewed proximal osteotomies. Fixation was used in 21 studies (75%). Of these 21 studies, 7 (33%) used Kirschner wires to stabilize the osteotomy and 13 (48%) used 1 or 2 screws or pins. One study (4%) used Kirschner wires and screws according to surgeon preference. The mean MINOR score was 9.2 ± 1.6 (Table 1) .
Patient Characteristics
The 28 studies included 608 patients (733 feet) treated for symptomatic bunionette deformity. Of the 608 patients, 458 were female (75%) and 97 were male (16%). The remaining 53 patients (9%) had been included in studies that had not specified the gender. Patient age ranged from 12 to 80 years. Thirteen studies (46%) had included other additional forefoot procedures concurrent with bunionette surgery (11, 16, 20, 22, 23, (26) (27) (28) 32, 33, 39, 41, 42) . These procedures consisted of correction of hallux valgus, hallux rigidus, hammertoes, cross-over toes, Morton's neuroma, and hyperkeratotic plantar lesions.
Treatment Outcome Measures
The treatment outcomes were measured using the AOFAS scale score, fourth to fifth IMA, and fifth MPA preoperatively and postoperatively and the satisfaction score.
Intermetatarsal Angle
The preoperative and postoperative IMAs were reported in all the studies. The overall effect of all osteotomies was a significant reduction in the IMA, regardless of the osteotomy type (MD 5.73°; 95% CI 5.0°to 6.45°; I 2 = 91%; p < .00001). Cooper and Coughlin (20) reported the only study in which no statistically significant reduction was observed; all the remaining studies reported significant correction of the IMA (Fig. 2) . Pairwise comparisons revealed that IMA correction was significantly greater with proximal osteotomies than with distal osteotomies (p = .02).
Metatarsophalangeal Angle
MPA correction was reported in 20 studies (71%). Of these 20 studies, 12 (60%) concerned distal osteotomies, 6 (30%) diaphyseal osteotomies, and 2 (10%) proximal osteotomies. Of all 733 feet, 549 (75%) were included in the analysis to compare the different osteotomies for MPA correction. All studies reported significant MPA corrections with an overall MD of 12.5°(95% CI 11.0°to 13.9°; I 2 = 88%; Table 2 ). Proximal and diaphyseal osteotomies achieved significantly (p < .0001) larger mean corrections compared with distal osteotomies, with values of 17.0°and 15.6°compared with 10.2°, respectively.
AOFAS Scale
Seven studies (24%), in which solitary bunionette surgery had been performed, reviewed the AOFAS scale scores pre-and postoperatively (17, 24, 25, 29, 31, 35, 37) . All 7 studies reported significant improvement in the AOFAS scale scores compared with baseline. We found a significant overall effect (p < .00001) in the AOFAS scale score in 153 patients (21%) in the 2-osteotomy category, distal and diaphyseal osteotomy (MD −4.11, 95% CI −5.06 to −3.15; I 2 = 80%). The AOFAS scale scores are displayed in Fig. 3 . 
Patient Satisfaction
The success rate of bunionette surgery is listed in Table 1 . The overall success rates were 100% for proximal osteotomies and 92% for both distal and diaphyseal osteotomies ( Table 1 ). The same differentiation was found for the satisfaction ratings as were found in the success rates, with 100% of the patients undergoing proximal osteotomy satisfied with the results.
The satisfaction rate for the distal osteotomy group was 96%, and 4% of the patients were satisfied with reservation. Of those who had undergone a diaphyseal osteotomy, 86% were satisfied with the outcome, 11% were satisfied with reservations, and 4% were dissatisfied. Overall, 94% of the patients were satisfied with their results, 5% were satisfied with reservation, and 1% were dissatisfied. 25 (5) 16 (3) 18 (3) 12 (2) 5 (1) 1 (0) 1 (0) 3 (1) 56 (11) Diaphyseal 109 (24, 25, 31, 34, 39, 40) 15.62 (13.73 to 17.50) < .0001 71 206 (11, 19, 24, 25, 31, 33, 34, (38) (39) (40) 17 (8) 5 (2) 12 (6) 10 (5) 7 (3) 5 (2) 9 (4) 2 (1) Data in parentheses are percentages. Abbreviations: CI, confidence interval; MD, mean difference; MPA, metatarsophalangeal angle. * Included infection, avascular necrosis, delayed union, metatarsal fracture, and revision surgery. † Included superficial wound infection and skin irritation. ‡ Included fixation removal, painful screw, screw migration, screw breakage, irritation of sural nerve by Kirschner wire, tip of burr broke, wound dehiscence due to burr, undercorrection, and paresthesia. § Included delayed union, nonunion, avascular necrosis, and fifth metatarsal fracture. ¶ Included fifth metatarsophalangeal joint contracture, transfer lesion, and retraction of fifth toe. ‖ Included complex regional pain syndrome, cosmetic, stiffness due to postoperative gout, and painful scar.
Complications
A total of 48 major complications (6%) were recorded and were subdivided by osteotomy site category. Most major complications occurred in the proximal osteotomy group (19%), followed by diaphyseal osteotomy (7%) and distal osteotomy (5%) ( Table 2) .
Discussion
In the present meta-analysis, we found significant fourth to fifth IMA, fifth MPA, and AOFAS Lesser Metatarsophalangeal-Interphalangeal scale improvements for numerous surgical techniques used to treat bunionette deformity. We divided these techniques into proximal, diaphyseal, and distal osteotomy, with proximal osteotomies yielding the largest IMA correction. Most complications occurred after proximal (22%) and diaphyseal (21%) osteotomies. In contrast, after distal osteotomies, a complication rate of 11% was observed.
Proximal osteotomies enable a large degree of correction and are therefore indicated for patients with severe bunionette deformity (i.e., larger fourth to fifth IMA) (20, 21, 31, 36) . Because of the proximity to the fifth metatarsal fulcrum, a relatively small medial correction of the fifth metatarsal at the base will result in a large medial displacement. However, the diaphyseal and distal osteotomy groups both showed statistically significant mean IMA corrections of 5°and 6°, respectively. All studies, regardless of the level of osteotomy, reported significant IMA correction, except for the study by Cooper and Coughlin (20) . They performed distal osteotomy in 16 patients with a type I bunionette deformity and reported the smallest (but not significant) mean correction of 1.6° (20) .
All 20 studies that had analyzed the MPA reported significant MPA corrections. Proximal and diaphyseal osteotomies achieved larger mean corrections compared with the distal procedure, with corrections of 17.0°and 15.6°compared with 10.2°, respectively. The MPA correction is not completely attributable to the level of the osteotomy but also to the use of distal soft tissue procedures, including realignment of the fifth metatarsophalangeal joint. A distal soft tissue procedure is usually performed with distal or diaphyseal osteotomies, although it is not necessary with proximal osteotomies (4, 21, 25, 26, 36) . Another possible contributing factor is replacement of the distal bone fragment in relation to the osteotomy cut.
To evaluate AOFAS scale score improvement as a result of a bunionette procedure, the studies with additional interventions were excluded, because simultaneous forefoot surgery has a confluent effect on the AOFAS scale score and patient satisfaction (43) . All 7 included studies reported considerable improvement in the AOFAS scale scores that were comparable among the osteotomy groups.
Almost all patients were satisfied with their result and indicated equivalent success rates with the surgery. The results we found regarding the satisfaction and success rate can be expected to remain unchanged over time, according to Taylor et al (44) . Therefore, the follow-up variance in our review will not have influenced the success rate or satisfaction score.
Most complications occurred in the proximal (22%) and diaphyseal (21%) osteotomy groups, followed the distal osteotomy group (11%). Bone complications, such as delayed union, nonunion, avascular necrosis, and fracture, occurred most often after proximal osteotomies (9%), although the clinical results did not significantly differ (21) . In this area, convergence of extraosseous vessels occurs (45) . Possible causes have been suggested such as interruption of the blood supply and the unstable nature of proximal osteotomies (46) . Fixation of the osteotomy might influence the outcomes, although the published data regarding fixation of metatarsal osteotomies have been controversial (4, 11, 43) . Coughlin (4) described the possible risks of secondary displacement such as nonunion and transfer lesions if no internal fixation has been used. Pontious et al (47) confirmed the finding that fixation significantly reduces the risk of postoperative dorsal displacement of the fifth metatarsal capital fragment. Schwartz and Groves (43) reported complications resulting from internal fixation such as loosening of osteosynthesis material and a high rate of complications with Kirschner wires. In our meta-analysis, more than one half of the surgical complications was related to hardware complications (i.e., removal of fixation, painful screw, screw breakage). Nonunion developed in 1 patient among all the studies and occurred in a study that had used distal osteotomy without internal fixation (27) . Delayed union occurred in 20 feet, of which only 1 event developed in a distal osteotomy with no fixation used (28) .
The revision surgery rate, one of the major complications, was the greatest in the diaphyseal osteotomy group (n = 5; 2%) in which patients were treated surgically twice because of hyperkeratotic lesions and plantar condylectomy. Thus, the initial surgery was not sufficient in relieving symptoms resulting from an increased IMA. Patients who underwent revision surgery indicated they were satisfied with reservations owing to the recurrence of hyperkeratosis and because they were no better after treatment (33) . All 16 patients with superficial wound infections were successfully treated with antibiotics and removal of fixation (n = 2; 13%) without considerably compromising patients' satisfaction.
The limitations of our meta-analysis included mainly the small number of patients eligible for meta-analysis and the considerable heterogeneity among the studies. Within the osteotomy groups stratified by the location of the procedure, the surgical techniques used varied considerably and could have caused this heterogeneity. Additionally, the number of studies eligible for analysis of the AOFAS scale scores was limited (n = 7). Regarding the patient satisfaction scores with bunionette surgery, proximal osteotomies achieved the greatest satisfaction score, although this result was based on only 1 study with a population of 20 patients. These results should therefore be interpreted with caution. The MINORS scores ranged from 6 to 12 of a total of 16, which mainly resulted from the retrospective character of the studies and the lack of blinding (24, 32) . Also, meta-analyses are prone to publication bias. However, examination for bias in our review revealed no indication of publication bias (48, 49) .
In conclusion, our results have shown that every type of osteotomy has the capability of significantly reducing the fourth to fifth IMA and MPA and yielding good satisfaction rates. Because the extent of IMA reduction is associated with the procedure used, the choice of the procedure should be determined by the required treatment effect and the risk of complications. Although the largest IMA correction will be achieved with proximal osteotomy, this procedure can also be accompanied by a greater incidence of major complications compared with the other procedures. Distal and diaphyseal osteotomies will yield smaller IMA and MPA reductions but have the advantage of a lower major complication risk. Diaphyseal osteotomies resulted in the greatest revision surgery rate, which negatively influenced patient satisfaction (33) . When major IMA and MPA reduction is not required, the distal osteotomy could therefore be the treatment of choice owing to its low complication rate.
Future studies should investigate whether fixation is necessary for achieving normal IMAs and union, because many of the complications derive from the hardware used. Future studies should also focus on the expertise of the operating orthopedic surgeon as a contributing factor to successful bunionette surgery, because significantly decreasing the IMA and MPA and achieving good satisfaction results is common for all types of osteotomy.
